We conducted a study to examine seasonal changes in residential dust lead content and its relationship to blood lead in preschool children. We collected blood and dust samples (floors, windowsills, and carpets) to assess lead exposure. The geometric mean blood lead concentrations are 10.77 and 7.66 pg/dL for the defined hot and cold periods, respectively (p c 0.05). Lead loading (milligrams per square meter) is the measure derived from floor and windowsill wipe samples that is most correlated with blood lead concentration, whereas lead concentrtion (micrograms per gram) is the best variable derived from carpet vacuum samples. The variation of dust lead levels for these three dust variables (floor lead loading, windowsill lead loading, and carpet lead concentration) are consistent with the variation of blood lead levels, showing the highest levels in the hottest months of the year, June, July, and August. The regression analysis, including the three representative dust variables in the equations to predict blood lead concentration, suggests that the seasonality of blood lead levels in children is related to the seasonal distributions of dust lead in the home. In addition, the outdoor activity patterns indicate that children are likely to contact high leaded street dust or soil during longer outdoor play periods in summer. Consequently, our results show that children appear to receive the highest dust lead exposure indoors and outdoors during the summer, when they have the highest blood lead levels. We condude that at least some of the seasonal variation in blood lead levels in children is probably due to increased exposure to lead in dust and soil. Kiy work.: blood lead level, childhood lead exposure assessment and reduction study (CLEARS), children, dust lead level, lead concentration, lead exposure, lead loading, seasonality. Environ Health Prspect 108: 177-182 (2000). [Online 10 January 2000] http://ehpnetl.nies.nih.gov/ldocs2000/1 08pl77-182yiin/abstract.html Childhood lead exposure adversely affects cognitive and behavioral development (1,2). Currently, the Centers for Disease Control and Prevention (CDC) define blood lead (BPb) levels in children as elevated if they exceed 10 pg/dL. BPb levels are higher in the summer months than at other times of the year (3-7). On the basis of some animal experiments implemented by gavaging lead compounds over various seasons, it has been suggested that solar radiation, through its effect on the biosynthesis of vitamin D, may be the main reason for the seasonality of plumbism (3, 8) . It has also been suggested that vitamin D, which promotes calcium absorption, unfortunately may also promote lead absorption. In contrast, some investigators have found no relationship between vitamin D and blood lead levels (9,10) or have found an inverse relationship (11, 12) .
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Household dust is a major source of childhood lead exposure. Several studies have shown that the elevated BPb levels of preschool children were strongly associated with elevated lead levels in house dust (DPb) (13) (14) (15) (16) (17) (18) (19) (20) . This association between BPb and DPb has been attributed to dust ingestion from the frequent hand-to-mouth behavior of young children (21) . Flaking lead-based paint, road dust, garden soil, and airborne lead-bearing particles are believed to be the sources of lead in household dust. Source apportionment of lead in house dust has been conducted by using automated scanning electron microscopy (22, 23) and by performing chemical mass balance analyses (24) . In these studies, the exterior sources (street dust/soil) and lead-based paint appeared to be major contributors to residential environments.
The Childhood Lead Exposure Assessment and Reduction Study (CLEARS) was a randomized study which demonstrated that frequent cleaning of floors, windowsills, and carpets in houses could effectively reduce residential DPb (25) . The study showed that reducing the levels of indoor exposure sources (i.e., household dust) via a cleaning program, combined with maternal education, resulted in reduced lead levels in children (20) . The CLEARS data, showing a strong association between DPb and BPb levels, provided blood and dust data over the calendar year that allowed examination of the seasonality of DPb and BPb in urban environments. We hypothesized that the summer increase in BPb might result, at least in part, from increased levels of DPb.
Methods
The CLEARS, conducted from June 1992 through September 1995, was a randomized intervention study. Families with children 6-32 months of age who were at risk of lead exposure in the area of Jersey City, New Jersey, were recruited from a variety of sources. Participants in CLEARS with BPb levels ranging from 3 to 28 pg/dL were randomized to a Lead Intervention Group or an Accident Prevention Group (control group), and attempts were made to visit their residences at baseline and on two subsequent occasions over the ensuing year. Blood and dust samples were collected at these visits to assess the effectiveness of the intervention. Only the BPb and DPb data collected from the CLEARS control group were used to determine seasonal relationships. This restriction avoided confusion between the effects of seasonality and cleaning on DPb levels (20, 25) . The blood and dust sample sizes used for these analyses were not exactly the same as those in the previous published papers (20, 25) (28. 4%) moved during the study, but because these moves were within the local area and samples were taken in the new residences at least 2 months after the move, they still met our requirement and were not removed from this analysis. Soil and street dust samples (n = 205) representing outdoor lead content were used to estimate the lead distribution in the urban area ofJersey City.
We examined the blood data for seasonality by plotting monthly BPb concentrations with corresponding outdoor and indoor average temperatures (Figure 1 (27) . We Collection efficiency for house dust was dependent of carpet type, relative humidity, and dust quantity, and data were adjusted using the algorithm developed by Wang et al. (29) . Details of the wipe and vacuum sampling techniques have been described in previous papers on CLEARS (25, 30) .
All dust samples were microwave digested in 19% (v/v) spectrograde (wipe) or reagent grade (vacuum) nitric acid following a protocol of the U.S. Environmental Protection Agency (EPA) (31) . We analyzed vacuum samples using flame atomic absorption spectroscopy (Model 3100, PerkinElmer, Norwalk, CT) at a wavelength of 283.3 nm. We used a graphite furnace atomic absorption spectrophotometer (PerkinElmer) or inductively coupled plasma-mass spectroscopy (Fisons Instrument VG PlasmaQuad, Middlesex, England) to analyze wipe samples (25, 30) . We checked calibration standards on every tenth sample run for quality control; National Institute of Standards and Technology (NIST) reference material 981 and 2711 (wipe) and 2710 (vacuum) were used for the quality assurance analyses. For both the wipe and vacuum samples, the acceptable instrument error was + 20%, although most quality control analyses were±+ 10%.
Blood specimens were obtained from participating children by venipuncture, using needles and vacuum tubes from lots that were prechecked for lead contamination. Sampling supplies were prepared by the CDC, Nutritional Biochemistry Branch, Atlanta, Georgia. Blood was collected by standard venipuncture into 3-mL lavendertop Vacutainer tubes (Becton-Dickinson, Franklin Lakes, NJ). We tried to obtain at least 1.5 mL of blood per sampling to assure sufficient quantity for processing and to avoid incomplete mixing with the anticoagulant (EDTA). Specimens were labeled and initialed by the collector immediately after sampling and were stored at 40C. Samples were air-shipped on ice to Atlanta and analyzed for lead content by published methods (32) .
We collected soil and street dust samples from children's outdoor primary activity areas (e.g., backyards and parks) and primary entryways outside the households (stairs, steps, and sidewalks). At least 10 g soil or dust was required for each sample. We used a paint brush and a dustpan to sample and transfer street dust to labeled Ziploc polyethylene bags (DowBrands, Indianapolis, IN). For soil sampling, we used a ring (4 in in diameter and 0.5 in in width) cut from polyvinyl chloride (PVC) tubing to circumscribe the soil by pressing it firmly into the ground; we then used a small plastic shovel to collect the soil and transfer it to a labeled Ziploc bag. The collection tools were cleaned between samplings to prevent sample contamination. The soil and street dust samples were delivered to the National Exposure Research Laboratory of the EPA (Research Triangle Park, NC) for lead analyses using X-ray emission spectroscopy (33) .
Data analysis. We categorized data for the CLEARS control group by the previously defined seasonal groups. We geometrically transformed all the blood and dust data before performing statistical analyses because the data appeared log-normally distributed (20, 25) . The blood and dust data were analyzed by two independent approaches: individual samples and home visits. On the individual-sample basis, every blood or dust sample collected in the CLEARS control group was used as a unit in the statistical analyses regardless of correspondence between the blood and dust data. The individual sample-based analyses, which comprised as many valid samples as possible, helped establish the profiles of seasonal variation. When "home visit" was used as a unit in statistical analyses, interest focused on the relationships between blood and dust data. Thus, we only selected data that had corresponding blood and dust samples collected within a 2-month period. For home visits with multiple blood or dust samples, we used the geometric means of all the blood or dust data in the statistical analyses. Unpaired blood or dust data (i.e., no corresponding dust or blood data) were not used in the home visit-based analyses.
The individual sample-based data were first used to examine the seasonality of blood and dust data. We applied independentsample t-tests (2-tailed) to examine the significances of mean comparisons for the blood and dust data between the four seasonal groups (hot, warm, cool, and cold). Spearman correlation analyses were completed for the home visit-based data to observe relationships between blood and dust data, and relationships between different dust samples (floors, windowsills, and carpets) within the dust data.
We performed multiple linear regression analyses using the home visit-based data to determine if any seasonal factors other than the DPb levels would affect children's BPb levels. Because smaller than those of the selected dust variables for both the carpeted and uncarpeted regression equations and were not statistically significant (Table 5 ). The weak improvement in R2 values and the insignificance of seasonal variables indicate the absence of evidence for a seasonal effect over and above that measured by DPb.
Outdoor activitypatternsfor two season- algroups. There were 29 and 27 households with questionnaires completed during the hot-warm and cool-cold periods, respectively. Data for weekdays and weekends are shown separately in Figure 2 . Only 20% of the families let their children play outdoors on either weekdays or weekends for more than 1 hr during the cool-cold period. However, during the hot-warm period, 48% and 66% of the families, respectively, with previous studies (3) (4) (5) (6) (7) . In addition, the associations between BPb and DPb were consistent with lead studies conducted over the last two decades (13) (14) (15) (16) (17) (18) (19) .
Seasonal distributions of dust data. Consistent with BPb concentrations, floor and windowsill samples showed high levels of lead loading for the hot group. In a study of chemical mass balance source apportionment for CLEARS (24) , almost 50% of household lead dust came from street dust and soil, and 33% and 17% came from leadbased paint and airborne lead particles, respectively. Thus, almost two-thirds of the lead in house dust appeared to be derived from outdoor sources. Because pathways of dust entry into the home, such as human and pet activities and opening of doors and windows, are affected by the seasons, changes in indoor lead content would be anticipated between the summer and winter seasons. The high indoor DPb levels occur in summer because contaminated outdoor sources may contribute more lead to indoor dust. However differences in the dust data found among the four seasonal groups were not all statistically significant. One reason may be the existence of lead-based paint in the homes. Thirty-three percent of lead mass in household dust came from lead-based paint, which contributed lead particles to the home regardless of season. The nonseasonal contribution of lead paint could decrease the seasonal variability of household lead dust and probably reduced the DPb difference caused by seasonal changes of the exterior lead sources.
We found an interesting trend for carpet dust and lead loading in this study. Carpets and rugs are known to be reservoirs for dust. In the four seasonal groups, dust loading and lead loading are higher in the warm, cool, and cold groups than in the hot group (Equations 2 and 3) for the carpeted and uncarpeted households; in both models, the BPb concentration was a function of DPb level. The two revised equations (Equations 4 and 5), which were derived by adding seasonal variables, did not improve the regression models significantly for the carpeted or uncarpeted households. This suggests that the seasonality of the lead exposure in CLEARS results primarily from the seasonal distribution of DPb exposure and that other plausible factors (e.g., high vitamin D levels in summer) did not have a significant independent influence on the seasonality of BPb levels. Our results agree with the work of Koo et al. (10) , who found no direct relationship between vitamin D metabolism and BPb levels in children with low to mild lead exposure.
Outdoor activity pattern on lead exposure. Although preschool children spend most of the time indoors, spending a few hours outdoors could have an impact on the seasonality of lead exposure because time spent outdoors is associated with children's BPb levels (36) . According to the questionnaire, the outdoor activity patterns are significantly different in the hot-warm and 16 , Kr-cool-cold periods. During the hot-warm period, more than 50% of families let their children play outdoors at least 2 hr on weekdays; even more families allow their children to play outdoors on weekends. The outdoor lead sources, street dust and soil, were approximately two times higher in mean lead concentration than the indoor lead sources (Table 1) . Thus, children playing outdoors are subject to higher lead doses than those staying indoors. During the cool-cold period, children do not play outdoors very often and are less likely to contact street dust or soil directly. Consequently, the increased outdoor activity in summer may contribute to higher lead exposure and higher BPb concentration.
Conclusions
In this study, we found that the summer months are associated with higher BPb concentrations in preschool children and higher DPb levels in their homes. Furthermore, outdoor lead exposure in the summer is greater than that in the winter. Among several measurements of indoor DPb contamination, floor lead loading, windowsill lead loading, and carpet lead concentration show the highest levels in the hottest months (June, July, and August), and are most strongly correlated with BPb concentration. After entering these variables in a regression model, other seasonal factors have not been observed to have a significant relation to children's BPb concentrations. In addition, outdoor activity patterns provide more opportunity for exposure to contaminated outdoor dust and soil in summer than in winter. We conclude that this pattern of increased summertime lead exposure contributes to, and may largely account for, the higher BPb levels seen at this time of year.
